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A PROCESS AND APPARATUS FOR PRECISE EMBOSSING 
BACKGROUND OP THE INVENTION 

5 

TECHNICAL FIELD 

The present invention relates to a process and 
apparatus for embossing material with precise detail/ and 
more particularly, to a process and apparatus for making 
10 products of thermoplastic material having surfaces with 
precise indentations . 

BACKGROUND ART 

Processes and apparatus for embossing precision 

15 optical patterns, often called microcubes, in a resinous 
sheet or laminate is well known, as referenced in U.S. 
Patents Nos. 4,486,363; 4,478,769; 4,601,861; 5,213,872; 
and 6,015,214, which patents are all incorporated herein 
by reference. By way of example, thin flexible 

20 thermoplastic material may be embossed with precision 
patterns where flatness and angular accuracy are very 
important. Products that require such accuracy include, 
for example, retroref lective materials for road 
reflectors or signage. As described in some of the above 

25 mentioned patents, the sheeting may be made on a machine 
that includes two supply reels, one containing an 
unprocessed web of thermoplastic material, such as 
acrylic or polycarbonate or even vinyl, and the other 
containing a transparent plastic carrier film such as 

30 Mylar. These are fed to an embossing tool which may take 
the form of a thin endless metal belt. 

The belt moves around two rollers which advance 
the belt at a predetermined linear speed or rate. One of 
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the rollers is heated and the other roller is cooled. An 
additional cooling station may be provided between the 
two rollers. Pressure rollers are arranged about a 
portion of the circumference of the heated roller. 
5 Embossing occurs on the web as it passes around the 
heated roller and while pressure is applied. The 
embossed, now laminated sheeting, is cooled, monitored 
for quality and then moved to a storage' winder. Before 
shipping the Mylar film may be stripped away from the 

10 embossed film. 

Continuous press machines are also well known 
to those skilled in the art. These include double band 
presses which have continuous flat beds with two endless 
bands or belts, usually steel, running above and below 

15 the product and around pairs of upper and lower drums or 
rollers. These form a pressure or reaction zone between 
the two belts and have the advantage that pressure is 
applied to a product when it is flat rather than when it 
is in a curved form. The double band press also allows 

20 pressure to vary over a wide range and the same is true 
of temperature variability. Dwell time or time under 
pressure is also easily controllable by varying the 
production speed or rate, as is capacity which may be 
changed by varying speed and/or length and/or width of 

25 the press. 

In use, the product is "grabbed" by the two 
belts and drawn into the press at a constant speed. At 
the same time, the product, when in a relatively long 
flat plane, is exposed to pressure in a direction normal 
30 to the product. Of course, friction is substantial on 
the product but this may be overcome by one of three 
systems. One system is the gliding press, where 
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pressure -heating plates are covered with low-friction 
material such as polytetraf luorethylene and lubricating 
oil. Another is the roller bed press, where rollers are 
placed between the stationary and moving parts of the 
5 press. The rollers are either mounted in a fixed 

position on the pressure plates or incorporated in chains 
or roller "carpets" moving inside the belts in the same 
direction but at half speed. The roller press is 
sometimes associated with the term "isochoric". This is 

10 due to the press providing pressure by maintaining a 

constant distance between the two belts where the product 
is located. Typical isochoric presses operate to more 
than 700 psi. 

The third press type is the fluid or air 

15 cushion press which uses a fluid cushion of oil or air to 
reduce friction. The fluid cushion press is sometimes 
associated with the term "isobaric" and these presses 
operate to about 1000 psi. Pressure on the product is 
maintained directly by the oil or the air. Air has the 

20 advantage of providing a uniform pressure distribution 
over the entire width and length of the press. 

Heat is transferred to thin products from the 
heated rollers or drums via the steel belts. With 
thicker products heat is transferred from heated pressure 

25 plates to the belts and then to the product. In gliding 
presses, heat is also transferred by heating the gliding 
oil itself. In roller bed presses, the rollers come into 
direct contact with the pressure -heating plates and the 
steel belts- With air cushion presses, heat flows from 

30 the drums to the belts to the product, and, by creating a 
turbulence in the air cushion itself, heat transfer is 
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accomplished relatively efficiently. Also, heat transfer 
increases with rising pressure. 

Another advantage of the double band press is 
that the product may be heated first and then cooled with 
5 both events occurring while the product is maintained 
under pressure. Heating and cooling plates may be 
separately located one after the other in line. The 
steel belts are cooled in the second part of the press 
and these cooled belts transfer heat energy from the 
10 product to the cooling system fairly efficiently. 

Continuous press machines fitting the 
description provided hereinabove are sold by Hymmen GmbH 
of Bielefeld, Germany (U.S. office: Hymmen International-, 
Inc. of Duluth, Georgia) as models ISR and HPL. These 
15 are double belt presses and also appear under such 

trademarks as ISOPRESS and ISOROLL. Typically they have 
been used to produce relatively thick laminates, 
primarily for the furniture industry. 

Even though embossing of thermoplastic is 
20 known, improvements are still needed to increase 

manufacturing efficiency, improve quality and lower the 
cost of finished products. 

DISCLOSURE OF THE INVENTION 

25 The present invention offers numerous 

advantages and relates to a process and apparatus for 
making thermoplastic products having precise embossed 
surfaces comprising the steps of providing a continuous 
press with an upper set of rollers, a lower set of 

3 0 rollers, an upper belt disposed about the upper set of 
rollers, a lower belt disposed about the lower set of 
rollers, a heating station, a cooling station and 
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pressure producing elements, passing a thermoplastic 
material through the press, heating the material to about 
480*^ F., applying pressure of about 250 psi to the 
material, cooling the material to about 35° P., and 
5 maintaining pressure on the material when the material is 
cooled. 

An object of the present invention is to 
provide a process and apparatus for efficiently, 
effectively, and inexpensively embossing thermoplastic 

10 material with precise detail . 

A more complete understanding of the present 
invention and other objects, aspects, aims and advantages 
thereof will be gained from a consideration of the 
following description of the preferred embodiment read in 

15 conjunction with the accompanying drawings provided 
herein. 

BRIEF DESCRIPTION OF DRAWINGS 

FIGURE 1 is a diagrammatic view of a prior art 
2 0 embossing machine. 

FIGURE 2 is a diagrammatic isometric view of a 
double band press for making embossed product • 

FIGURE 3 is a flow chart of the process for 
making embossed product . 

25 

BEST MODE FOR CARRYING OUT THE INVENTION 

While the present invention is open to various 
modifications and alternative constructions, the 
preferred embodiment shown in the drawings will be 
30 described herein in detail. It is understood, however, 
that there is no intention to limit the invention to the 
particular form disclosed. On the contrary, the 
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intention is to cover all modifications, equivalent 
structures and methods, and alternative constructions 
falling within the spirit and scope of the invention as 
expressed in the appended claims. 
5 Referring now to FIGURE 1, there is illustrated 

an existing embossing machine in diagrammatic form 
including a first heated roller 10, a second cooled 
roller 12, a steel embossing belt 14 running around the 
rollers, a cooling station 16 and four pressure rollers 

10 18, 20, 22 and 24. In practice the heated roller 10 is . 
about twenty-one inches in diameter. The pressure 
rollers are about eight inches in diameter and each 
applies a pressure of about 250 psi when retroref lective 
sheeting is being manufactured. The temperature of the 

15 heated roller is about 480° F. Since the pressure 

rollers are somewhat deformable, there is a reaction zone 
- where both heat and pressure are applied to the 
thermoplastic material - of about one inch in length and 
sixty inches in width for each of the pressure rollers. 

2 0 The total heat /pressure reaction zone is four inches by 
sixty inches. There is another reaction zone where the 
material passes the cooling station 16. If the cooling 
station is twelve inches long then that is the length of 
the second reaction zone. With the dimensions just 

2 5 given, the embossing process may progress at a rate of 

about three to four feet per minute. 

Referring now to FIGURE 2, a continuous press 
is illustrated. The press 4 0 includes a pair of upper 
rollers 42, 44 and a pair of lower rollers 46, 48. The 

3 0 upper roller 42 and the lower roller 44 may be oil 

heated. Typically the rollers are about 31.5 inches in 
diameter and extend for about 51 inches. Around each 
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pair of rollers is a steel belt, an upper patterned belt 
50 is mounted around the upper rollers 42, 44 and a lower 
patterned belt 52 is mounted around the lower rollers 46, 
48. Heat and pressure are applied in a portion of the 
5 press referred to as the reaction zone 53 . Within the 
reaction zone are means for applying pressure and heat, 
such as three upper matched pressure sections 54, 56, 58 
and three lower matched pressure sections 60, 62, 64. 
Each section is about 39 inches long and approximately 51 

10 inches wide. Heat and pressure may be applied by other 
means as is well known by those skilled in the press art. 
Also, it is understood that the dimensions set forth are 
for existing continuous presses, such as those 
manufactured by Hymmen; these presses may be enlarged if 

15 found desirable. 

The lower belt 52 may be smooth if only one 
side of a product is to be embossed- If both sides of 
the product are to be embossed, then both the upper belt 
50 and the lower belt 52 will bear embossing patterns. 

2 0 It is to be understood that the pressure sections may be 
heated or cooled. Thus, for example, the first two 
upstream pressure sections, upper sections 54, 56 and the 
first two lower sections 60, 62 may be heated whereas the 
last sections 58 and 64 may be cooled or maintained as a 

25 relatively constant but lower temperature than the heated 
sections . 

It is contemplated that thermoplastic material 
such as acrylic, polycarbonate, vinyl, polyethylene, ABS 
and polyurethane may be used in the press 40. With such 
30 material the pressure range is approximately 150 to 4 00 
psi and the temperature range is approximately 250 to 
580° F. Material thicknesses of up to 0.250 inches may 
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be embossed with indentations in the range of 0.002 to 

0,010 inches deep. 

It is desirable that the material, after being 

exposed to heat and pressure, be cooled under pressure. 
5 Thus, it is contemplated that the cooling station will be 

maintained in the range of 32° to 40*=» F. and the pressure 

range approximately 150 to 400 psi . 

The process for forming thermoplastic products 

having precise indentations or embossments is illustrated 
10 in FIGURE 3 and includes providing a continuous press 

100, passing 102 a thermoplastic material through the 

press, heating 104 the material to about 480° F., 

applying pressure 106 of about 250 psi to the material, 

cooling 108 the material at the cooling station which is 
15 maintained at about 35° P. and maintaining a pressure 110 

of about 250 psi on the material during the cooling step. 

With the dimensions and reaction zones stated , 

above, the process rate may move at about 21 to 32 feet 

per minute, roughly 7 to 8 times the rate of prior art 
20 machines. 

The apparatus of the present invention allows 
for thermoplastic material to be relatively thick and yet 
still have precision indentations in one or both major 
surfaces. This allows products as diverse as office 
25 light diff users, reflective signage, compact disks, flat 
panel displays, high-efficiency lighting systems for 
internally illuminated signs and medical diagnostic 
products to be efficiently, effectively and inexpensively 
manufactured . 

30 The specification describes in detail an 

embodiment of the present invention. Other modifications 
and variations will, under the doctrine of equivalents. 
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come within the scope of the appended claims. For 
example, presses having somewhat different geometries 
and/or different dimensions are considered ecjuivalent 
structures. Different material may affect pressure and 
5 temperature as well as process speed. Further, different 
material densities and thicknesses may also affect the 
apparatus and process. Still other alternatives will 
also be equivalent as will many new technologies. There 
is no desire or intention here to limit in any way the 
10 application of the doctrine of equivalents. 
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CLAIMS 

1. A process for forming thermoplastic products having 
precise embossed surfaces comprising the steps of: ■ 

5 providing a continuous press; 

passing a thermoplastic material through said press; 
heating said material to about 480 degrees F.; 

applying a pressure of about 250 psi to said 
material ; 

10 providing upper and lower belts with predetermined- 

patterns ; 

applying the pressure to said material through said 
belts ; 

cooling said material to about 35 degrees F.; and 
15 maintaining pressure on said material when said material 
is cooled. 

2 . A process as claimed in claim 1 including the step 
of: 

20 providing a reaction zone of about 78 inches by 

about 51 inches for the heating and pressure applying 
steps . 

3. A process as claimed in claim 2 wherein: 

25 the step of passing said material through the press 

is at a rate between about 21 and about 32 feet per 
minute . 

4 . A process for forming thermoplastic products having 
3 0 precise embossed surfaces comprising the steps of: 

providing a continuous press; 

passing a thermoplastic material through said press; 
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heating said material to approximately 250^ to 580o 

F. ; 

providing upper and lower belts on said press, at 
least one of said belts having a predetermined pattern to 
5 be embossed; 

applying pressure of about 150 to 400 psi through 
said belts to said material at the same time as said 
material is heated; 

cooling said material; and 
10 maintaining pressure of said material when said 

material is cooled. 



5. A process as claimed in claim 4 wherein: 

the cooling step includes the provision of a cooling 
15 station and maintaining said station at between 32^ to 
40<> F. 



6. A process as claimed in claim 5 wherein: 
said maintaining step when cooling includes 

20 maintaining pressure at about 150 psi to about 400 psi. 

7. An apparatus for making thermoplastic products 
having precise embossed surfaces comprising in 
combination: 

25 a press having an upper set of rollers, a lower set 

of rollers, an upper belt disposed about said upper set 
of rollers, a lower belt disposed about said lower set of 
rollers, a heating station disposed adjacent said upper 
and lower belts, a cooling station adjacent said upper 

30 and lower belts and said heating station, and pressure 

producing elements disposed adjacent said upper and lower 
belts; 
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said heating station having a length of about 
seventy-nine inches; 

said cooling station having a length of about 
thirty-nine inches; 
5 said pressure producing elements producing a 

pressure of about 250 psi; 

said heating station being heated to about 480 
degrees F.; and 

said cooling station being maintained at about 35 
10 degrees F. 

8. An apparatus as claimed in claim 7 including: 

a reaction zone operatively connected to skid press, 
said zone being about 78 inches by about 51 inches. 

15 

9. An apparatus for making thermoplastic products 
having precise embossed surfaces comprising: 

a continuous press having a heating station capable 
of heating a product within a range of approximately 250 
20 to 580 degrees P.; 

means for applying pressure within the range of 150 
to 400 psi at the same time as the product is heated; and 
a cooling station having the capability to maintain the 
product at between 32 to 40 degrees F. 

25 

10. An apparatus as claimed in claim 9 including: 
means for maintaining a pressure from about 150 psi to 
about ^400 psi in said cooling station. 



30 
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